XEUS is the potential successor to ESA's XMM-Newton X-ray observatory and is being proposed in response to the Cosmic Vision 2015-2025 long term plan for ESA's Science Programme. Novel light-weight optics with an effective area of 5 m 2 at 1 keV and 2 m 2 at 7 keV and 2-5" HEW spatial resolution together with advanced detectors will provide much improved imaging, spectroscopic and timing performances and open new vistas in X-ray astronomy in the post 2015 timeframe. XEUS will allow the study of the birth, growth and spin of the super-massive black holes in early AGN, allow the cosmic feedback between galaxies and their environment to be investigated through the study of inflows and outflows and relativistic acceleration and allow the growth of large scale structures and metal synthesis to be probed using the hot X-ray emitting gas in clusters of galaxies and the warm/hot filamentary structures observable with X-ray absorption spectroscopy. High time resolution studies will allow the Equation of State of supra-nuclear material in neutron stars to be constrained. These science goals set very demanding requirements on the mission design which is based on two formation flying spacecraft launched to the second Earth-Sun Lagrangian point by an Ariane V ECA. One spacecraft will contain the novel high performance optics while the other, separated by the 35 m focal length, will contain narrow and wide field imaging spectrometers and other specialized instruments.
INTRODUCTION
XEUS, for X-ray Evolving Universe Spectroscopy, is the potential successor to XMM-Newton and aims to provide an X-ray capability comparable in sensitivity to the future generation of ground and space-based observatories such as ALMA and JWST. XEUS is being proposed in response to the Cosmic Vision long term plan for ESA's Science Programme in the 2015-2025 timeframe. The goals of XEUS are to study the evolution of the hot baryons in the Universe. In particular studies of the massive black holes in the earliest AGN will allow their mass, spin and red-shift to be determined through Fe-K line and continuum variability studies. Cosmic feedback between galaxies and their environment will be investigated and the impact this has on structure formation through the study of outflows and inflows and relativistic acceleration processes to investigate the growth of cosmic structures in early gravitationally bound, dark matter dominated, systems -small groups of galaxies and of their evolution into today's massive clusters. XEUS will allow the study of the evolution of metal synthesis to the present epoch using, in particular, observations of hot intra-cluster gas and characterize the mass, temperature, and density of the intergalactic medium, much of which is in a hot filamentary structure, using absorption line spectroscopy of intense background sources. A final topic is to determine the Equation of State of the supra-nuclear material in neutron stars through timing studies.
XEUS is being jointly studied by ESA and the Institute of Space and Astronautical Science (ISAS, now part of the Japan Aerospace Exploration Agency, or JAXA). The original intention was to place a mirror of 30 m 2 , area into low Earth orbit. Such a large mirror area implied a long focal length of around 50 m, which made a single spacecraft impractical. Thus, XEUS was designed using separate mirror (MSC) and detector spacecraft (DSC) formation flying and separated by the optics focal length. Using the conventional nickel X-ray optics technology of XMM-Newton, such a large mirror area could best be achieved by rendezvous and docking of the MSC to the International Space Station (ISS), where robotic assembly would be employed to add the massive mirror segments which had been previously delivered to ISS by the Shuttle NSTS. Initial investigations were carried out in industry to confirm the feasibility of this assembly concept. The major disadvantages of this approach are the complexity and cost of multiple launches and the rating and qualification of the MSC to visit the ISS.
The XEUS Science Advisory Group therefore endorsed the study of a revised mission concept which aims to achieve the maximum effective telescope area through autonomous deployment, avoiding the complexity of the MSC visiting the ISS and assuming an L2 orbit scenario. By far the greatest challenge to such a concept is the development of suitable lightweight optics. To address this, a number of optics technology developments are being carried out, including lightweight micro pore technologies and microchannel plate focusing optics 1, 2, 3, 4 . Rapid progress is being made and continued development will ensure that a mirror area of 5 m 2 with a spatial resolution of 2" HEW (goal) and 5" HEW (specification) can be met with a single launch to the second Earth-Sun Lagrangian point (L2) and a fixed optical bench. Moreover, in the original low Earth orbiting concept, the lifetime of the DSC was limited by propellant usage, while at L2 this is no longer a major issue, resulting in the possibility of a much longer lifetime, as well as higher operational efficiency. The proposed baseline XEUS focal plane configuration (Table 1 ) has a wide field of view (7' diameter) Advanced Pixel Sensor to provide CCD-like energy resolution as well as one of two possible narrow field (0.75' diameter) imaging cryogenic detectors for high spectral resolution studies. Potential additional instruments are listed in Table 2 . These could include the second narrow field imaging spectrometer option listed in Table 1 , an imaging hard X-ray detector to extend the coverage to 40 keV, or beyond, a non-imaging high time resolution spectrometer utilizing Si drift diodes with a high count rate capability and an imaging polarimeter capable of making sensitive polarimetric observervations of distant AGN. This baseline payload 5 is used for studying such issues as accommodation and resource allocation; the selection of the flight instruments will be made following an announcement of opportunity expected to be issued during the mission's Definition Phase (A/B1). 
Characteristic

SCIENCE REQUIREMENTS
The large throughput and good angular resolution of XEUS will allow the detailed spectral investigation of sources which are too faint for study with the current generation of X-ray observatories (Chandra, Suzaku and XMM-Newton).
A main science goal of XEUS is to investigate the high-redshift Universe through studies of early massive black holes and their evolution with cosmic time and the role they play in galaxy formation and evolution. Another important topic will be to study the X-ray emitting gas component in groups and clusters of galaxies to probe the complex physics governing the formation and evolution of structures in the Universe. Studies of the Warm Hot Intergalactic Medium (WHIM) where a large fraction of the total baryonic matter in the Universe is thought to reside will provide information on structure formation and chemical enrichment. Probing the high-energy emitting regions around collapsed objects provides the best laboratory for testing the physics of matter in extreme gravity environments both through spectroscopic and timing studies. In addition to these specific themes, the unprecedented high collecting area will make an enormous impact on studies of more nearby objects which have been a mainstay of traditional X-ray astronomy. For each of the 3 topics identified in Cosmic Vision 2015-2025 call for themes a number of sub-topics have been determined, each of which provides the driver for one, or more, of the science requirements to be met by XEUS:
1. Evolution of Large Scale Structure and Nucleosynthesis: a. Formation, dynamical and chemical evolution of groups and clusters. This is the driver for spectral grasp, the product of the field of view and area, and spectral resolution for the high spectral resolution instruments. b. Baryonic composition of the intergalactic medium. This drives the ultimate spectral response required from the high spectral resolution instruments. c. Enrichment dynamics, inflows, outflows and mergers. This drives the stability of the absolute spectral calibration of the high spectral resolution instruments.
2. Coeval Growth of Galaxies and Super-massive black holes: a. Birth and growth of super-massive black holes which drives the overall field of view size and the limiting sensitivity b. Super-massive black hole induced galaxy evolution which drives the angular resolution requirements.
Matter under Extreme Conditions:
a. Gravity in the strong field limit with drives the ultimate timing resolution required. b. Equations of State (EOS) studies which drive the product of collecting area and spectral response for the high spectral resolution instruments, as well as the polarization performance. c. Acceleration phenomena which drive the high energy spectral grasp of a hard X-ray camera (HXC).
Each of these areas of science sub-topics provides requirements on the following performance parameters: effective area, energy range, angular resolution, field of view, spectral resolution, sensitivity, time resolution, count rate capability, polarimetric sensitivity and observing constraints and the table below lists the derived requirements and the science areas from which they are derived. As well as requirements, goals for the mission have been established in order to determine priorities should resources be available and to guide future instrument development. Table 3 . XEUS Science Requirements Summary
Parameter
MISSION CONFIGURATION
The overall spacecraft configurations will be defined following dedicated industrial activities. Nevertheless, in order to focus the design effort and adequately prepare the industrial work, a preliminary reference configuration has been defined by the Science Payload and Advanced Concepts Office of ESA. Such a configuration is based on the need for Formation Flying (FF), imposed by the telescope focal length of 35 m. The XEUS concept is based on a DSC supporting all the focal plane instruments, providing the main telemetry downlink capability to ground control and responsible for maintaining formation with MSC which supports the X-ray optics. The two spacecraft would be launched in a single stack (the present baseline assumes that the DSC would be located above the MSC) using an Ariane V ECA and directly transfer to a halo orbit around the Earth-Sun L2 point as a single composite (thus reducing operations complexity during transfer and injection) before beginning operations in FF mode (see Fig. 1 ). The transfer duration is around 3 months and the chosen halo orbits have typical amplitudes of 700,000 km with periods of 6 months.
The presently envisaged telescope configuration is based on a fixed optical bench and aims to maximize the available mirror area. The configuration is based on the use of the standard 1194H adapter and a correspondingly wide inner cylinder, hosting all required subsystems. The radial mirror elements (the present assumption is 16 petals, see Fig. 2 ) are supported by radial structural beams connected to the cylindrical MSC body. The optics elements are protected from direct solar illumination by a baffle which also plays an important role in blocking diffuse x-ray straylight and in telescope thermal control. The configuration aims to take maximum advantage of the available launcher fairing volume, to meet the requirement of an effective area of 5 m 2 at 1 keV. A distributed (MSC and DSC) approach is adopted for the rejection of the diffuse X-ray background, including a fixed skirt and the Sun baffle on the MSC and specific baffles for each focal plane instrument on the DSC. Two parallel competitive contracts have been assigned to industry for defining the payload accommodation on the DSC, with specific emphasis on the definition of the cryogenic chain.
The configuration of the DSC is driven mainly by the instrument accommodation requirements (including the corresponding cryogenic chain), by the need for instrument baffling at different focal plane positions. The platform design drivers include the accommodation of the formation flying metrology, overall thermal control and related interfaces to the cryogenic chain and the payload power and telemetry demands. No specific design activities have been performed on the DSC to date, given the ongoing industrial study on the reference payload accommodation. The overall DSC configuration is expected to be dominated by the choice of the cryogenic chain design.
An industrial XEUS telescope accommodation study will be placed by ESA later this year. The study will last for 9 months and provide the telescope design, including mirror optical bench, thermal control, baffling and interfaces requirements.
TECHNOLOGY DEVELOPMENTS
Whenever possible, the reuse of functional elements from other ESA missions will be encouraged as will the introduction of design-to-cost measures to reduce costs in order to meet the financial constraints of the ESA Science Programme.
A number of technology development activities applicable to the XEUS mission have been promoted by ESA in the last few years. The main activities include the development of advanced cryogenic detectors (such as transition edge sensors and superconducting tunnel junctions), cryogenic coolers (such as the Adiabatic Demagnetization Refrigerator) and innovative, low mass X-ray optics (high precision pore optics). Activities are well under way, with breadboards and/or engineering models becoming available and being subject of dedicated test campaigns. More recently, ESA has promoted industrial studies addressing specific critical areas, such as formation flying, payload accommodation and telescope accommodation.
It is expected that the results obtained from these preparatory activities will open the way to future system level studies on a solid basis, thus allowing a high level of definition to be achieved and the overall project development risks to be reduced.
CONCLUSIONS
The XEUS mission scenario has been recently revisited in order to reduce overall complexity, risk, and cost without compromising in a major way the original science goals. The revised science requirements summarized in Table 3 are still highly competitive compared to any other envisaged X-ray mission and will ensure a quantum leap in capability compared to XMM-Newton.
